A new off-shelf low-cost echelle spectrograph was installed recently on the 0.6m telescope at the Stará Lesná Observatory (Slovakia). In this paper we describe in details the radial velocity (RV) analysis of the first three transiting planetary systems, HAT-P-2, WASP-14 and XO-3, observed with this instrument. Furthermore, we compare our data with the RV data achieved with echelle spectrographs of other sub-meter-, meter-and two-meter-class telescopes in terms of their precision. Finally, we investigate the applicability of our RV data for modeling orbital parameters.
The Stará Lesná Observatory in Slovakia (20
• 17'21" E, 49
• 09'06" N, 810 meters a.s.l. for the G1 observing pavilion) is equipped with two 0.6m (f/12.5) Zeiss reflecting telescopes located in the G1 and G2 observing pavilions 2 . In March 2013 a new fiber-fed echelle spectrograph was procured from the French company Shelyak 3 and mounted at the G1 pavilion in the Cassegrain focus of the telescope. Several known transiting and non-transiting exoplanet systems were already observed during the years 2013 and 2014 in G1 with this spectrograph, in order to assess the RV stability and precision which can be obtained. First RV measurements of τ Boo, HAT-P-2 and WASP-14 systems were described by Pribulla et al. (2015) . In this paper we describe in details the RV analysis of the first three transiting planetary systems, HAT-P-2, WASP-14 and XO-3, observed at the Stará Lesná Observatory. The objects were selected according to the RV amplitude, brightness and the sky position. All three systems are, however, very interesting, because they are characterized by close-in, but apparently eccentric orbits, and therefore represent potentially important systems to constrain the migration, tidal and thermal evolution of gas giant planets (Bakos et al. 2007; Joshi et al. 2009; Johns-Krull et al. 2008) .
In comparison with the paper published by Pribulla et al. (2015) , we used more RV observations achieved at the Stará Lesná Observatory and we derived spectroscopic orbits using these RV data. The scientific goal of this paper is, however, not to improve parameters of these planetary systems, rather to compare RV observations from the Stará Lesná Observatory with other RV data and to validate the applicability of our RV data for modeling orbital parameters. First, we reduced and analyzed our RV observations. Subsequently, we compared our data with previously published RV data (Csák et al. 2014; Joshi et al. 2009; Hébrard et al. 2008) . We were curious about the precision of our measurements in comparison to the RV data achieved with echelle spectrographs of other sub-meter-, meter-and twometer-class telescopes. Another question was the applicability of our RV data for modeling orbital parameters. For this purpose the previously published data were analyzed in the same way as our RV data in order to determine and compare parameters. Finally, we combined and analyzed all used RV data per object.
The layout of the paper is as follows. In Sect. 2, we briefly describe our instrumentation. In Sect. 3, we present the observations and data analysis. Sect. 4 describes our results. Our conclusions are discussed in Sect. 5.
Properties of the instrumentation
The observations were performed at the G1 observing pavilion with a 0.6m, f/12.5 Zeiss Cassegrain telescope. The Fiber Injection and Guiding Unit (hereafter FIGU) of the spectrograph is mounted in the Cassegrain focus of the telescope. The FIGU is connected to the calibration unit (ThAr hollow cathode lamp, tungsten lamp, blue LED) in the control room and to the echelle spectrograph itself in the cellar below the dome. The beam entering the spectrograph from the fiber is collimated by an achromatic 125mm doublet. The collimated beam is dispersed by a high-efficiency R2 echelle grating with 79 grooves/mm. The echelle spectrum is then cross-dispersed by a prism and imaged by a f/1.8 Canon lens on a CCD chip (Thizy & Cochard 2011) . The CCD camera (ATIK 460EX) uses 2184×1472 chip with 4.54 µm square pixels. 2×2 binning is normally used. The CCD camera quantum efficiency has maximum above 75% between 4900-5700 Å. The CCD chip fully records blue echelle orders, while from about 5000 Å the orders start to be vignetted. For the red-most order used, 7350-7600 Å, the recorded spectrum is cut at about 20% of the peak blaze intensity. The stars are guided using a sensitive video camera WATEC 120N (720×480 pixel chip) attached to the FIGU.
The maximum resolution of the spectrograph reaches R ∼ 12000 around 4700 Å and 6200 Å . The useful spectral range is mostly limited by the chromatic aberration of the Canon photolens. A new focal reducer was installed in the beginning of July 2015 increasing the instrument throughput by about 50% compared to values given in Pribulla et al. (2015) .
The total throughput of the telescope -spectrograph system was measured on several nights with good (< 2 arcsec) seeing. The resulting values are 0.8-1.4% at 4400 Å (B filter), and 1.8-3.3% at 5500 Å (V filter). The RV system stability was checked by looking at zero point shifts when Table 1 The journal of RV observations of HAT-P-2. The RV data, published previously by Csák et al. (2014) 
Observations and data analysis
Using our instrumentation we obtained 20 RV measurements per planetary system. The journals of RV observations of the HAT-P-2, WASP-14 and XO-3 systems are summarized in Tables 1, 2 and 3, respectively 4 . The observa- 0.019 † all cases. Usually three raw spectra per object were obtained during one observing night and subsequently combined via IRAF 5 task combine to increase the SNR. Three 900 s exposures correspond to about 0.5-1.5 % of the orbital period.
The data were reduced using IRAF package tasks, Linux shell scripts and FORTRAN programs as described in Pribulla et al. (2015) . In the first step, master dark frames were produced. In the second step, the photometric calibration of the frames was done using dark and flat-field frames. Bad pixels were cleaned using a bad pixel mask, cosmic hits were removed using the program of Pych (2004) . Photometrically calibrated frames were combined to increase the SNR. Order positions were defined by fitting Chebyshev polynomials to tungsten-lamp and blue LED spectrum. In the following step, scattered light was modeled and subtracted. Aperture spectra were then extracted for both object and ThAr frames and then the resulting 2D spectra were dispersion solved. 2D spectra were finally combined to 1D spectra rebinned to 4220 Å to 7620 Å wavelength range with a 0.1 Å step (∼ 3-6 times the spectral resolution). Spectra of all three targets were analyzed using the broadening function (hereafter BF) technique developed by Rucinski (1992) . The BFs have been extracted in 4900 Å -5510 Å spectral range (free of Balmer lines) with a velocity step of 5.8 km.s −1 (matching pixel resolution of the spectra). Because the projected rotational velocity of all three systems is smaller than the spectral resolution the Gaussian profiles have been fitted to the extracted BFs in all cases to arrive at RV.
Because the formal RV uncertainties found using the BF approach are hard to quantify and they depend on BF smoothing they were determined from SNR as follows. First, we determined SNR at 5200 Å and calculated RV errors as 1/SNR (see Eq. 1 in Sect. 5). Subsequently, we fitted RV observations with initial uncertainties using the code JKTEBOP (described in the next paragraph) and from the best fit we obtained reduced χ 2 . In the next step, we rescaled all uncertainties to get χ 2 = 1. SNR of the spectra can be easily obtained from the 1σ uncertainties as C/σ, where the scaling constant C was found to be 10.59 km.s −1 for HAT-P-2, 7.52 km.s −1 for WASP-14 and 8.66 km.s −1 for XO-3. The systematic uncertainties resulting from the limited stability of the RV system are significantly lower than random errors and were neglected in the analysis. We then fitted our RV data with correct uncertainties using the code JKTEBOP.
In general, the JKTEBOP code 6 (Southworth, Maxted & Smalley 2004 ) is used to fit a model to the light curves of detached eclipsing binary stars in order to derive the radii of the stars as well as various other quantities. It is also excellent for transiting extrasolar planetary systems. JKTE-BOP can fit RVs simultaneously with a light curve; hence the orbital parameters of the three transiting planets were calculated from the RV data, together with the photometric data. The transit light curve of HAT-P-2b was taken from the public archive of the HATNet project 7 . The Sloan zband photometry (effective central wavelength 966.5 nm, FWHM 255.8 nm) was taken with the KeplerCam detector on the Fred L. Whipple Observatory (hereafter FLWO) 1.2m telescope on Mount Hopkins, Arizona (see e.g., Holman et al. 2007 ) on April 22, 2007. Three Bessell R-band transit light curves of WASP-14b were adopted from Raetz et al. (2015) . The light curves were taken with the STK camera (Mugrauer & Berthold 2010) on the 0.6/0.9m telescope at the Großschwabhausen Observatory 8 in Germany (hereafter GSH) on March 11, 20 and 29, 2011. The Bessell Vband transit light curve of XO-3b was observed at the Teide Observatory (Island of Tenerife, Canary Islands -Spain) on November 17, 2015. The instrument was the OGS Spectrograph, installed on the 1.0m telescope (Koehler 1997) , called Optical Ground Station 9 (hereafter OGS), which was used in imaging mode.
We fitted RV data from different sources, simultaneously with the exact same photometric data per object. First, we fitted only our G1 RV data, simultaneously with the photometric data. Except WASP-14b, 8 free parameters were adjusted during the fitting procedure: the sum of fractional radii ((R s + R p )/a), the ratio of the radii (R p /R s ), the orbit inclination angle (i), the orbit eccentricity (e), the longitude of the periastron (ω), the systemic velocity (γ), the RV semi-amplitude of the parent star (K) and the light scale factor (L sf ). In the case of WASP-14b, since its orbit eccentricity is relatively smaller, we replaced e and ω with k = e cos ω and h = e sin ω, and since we had three transit light curves, we adjusted the orbital period (P orb ) as well. Initial parameters for the fitting procedure were taken from published papers (Bakos et al. 2007; Pál et al. 2010; Lewis et al. 2013; Joshi et al. 2009; Husnoo et al. 2011; Wong et al. 2014 Wong et al. , 2015 Winn et al. 2008 and Hébrard et al. 2008 ). The quadratic limb-darkening (hereafter LD) law was assumed for the parent stars, which is a better choice to represent the observations than a simple linear law (see e.g., Raetz et al. 2014) . The LD coefficients were fixed during the fitting procedure and their values were calculated for the z-band, R-band, or V-band using the on-line applet EXOFAST-limbdark 10 (Eastman, Gaudi & Agol 2013) . The software interpolates tables published by Claret & Bloemen (2011) based on the stellar parameters Fe/H (M/H), T eff and log g. To estimate the uncertainties in fitted parameters we used JKTEBOP-task No. 8. This finds the best fit and then uses Monte Carlo simulations to estimate the uncertainties in the parameters. The best-fit model is re-evaluated at the phases of the actual observations. Gaussian simulated observational noise is added and the result refitted. This process is repeated and the range in parameter values found gives the uncertainty in that parameter. We first applied a sequence of iterations. At the first sequence 1000 iteration steps were used and each next sequence contained 1000 more iterations. After 8000 iterations the uncertainties in the parameters varied only slightly. To obtain final results we applied 10 000 iteration steps.
Subsequently, we fitted previously published RV data from other sub-meter-, meter-and two-meter-class telescopes, simultaneously with the photometric data, in the same way as we described above, in order to compare the results. In the case of HAT-P-2 we used the RV data published by Csák et al. (2014) . Observations were carried out between September 2011 and April 2013 at two locations in Hungary: at the Gothard Astrophysical Observatory, Szombathely (hereafter GAO) and at the Piszkéstető Mountain Station of Hungarian Academy of Sciences (hereafter PO). GAO has a newly installed 0.5m diameter f/9 telescope for spectroscopic observations. At PO a 1m telescope was used. The spectrograph was the same fiber-fed instrument at both locations, the eShel system of the French Shelyak Instruments, however, the spectrum was recorded by a QSI 532ws CCD camera (Kodak KAF1600 CCD chip). For WASP-14 we adopted the RV data published by Joshi et al. (2009) , which were collected with the FIbre-fed Echelle Spectrograph (hereafter FIES) in medium-resolution mode 11 (Telting et al. 2014) , mounted on the 2.5m Nordic Optical Telescope (hereafter NOT) and with the SOPHIE echelle spectrograph in high-efficiency mode 12 (Perruchot et al. 2008 ) on the 1.93m telescope at the Haute-Provence Observatory (hereafter OHP), during February 12 and 29, 2008. In the case of XO-3 we used the RV data published by Hébrard et al. (2008) . Observations were acquired during February and March, 2008 at the same observatory and telescope with the SOPHIE echelle spectrograph in high-resolution mode.
Finally, we combined and analyzed all used data per object. RV offsets among different telescopes were corrected adjusting the systemic RV parameter only. Up to five iteration steps were enough for our purposes.
Results

HAT-P-2b
HAT-P-2b is a massive (M p ≃ 9.09M J ; Pál et al. 2010 ) transiting extrasolar planet on an eccentric orbit (e ≃ 0.50910; Lewis et al. 2013) . It was discovered by Bakos et al. (2007) . The planet orbits the host star (V = 9.69 mag, B = 9.15 mag, F8V, v sin i ≃ 20.8 km.s −1 ) with a period of about 5.633 days causing transits with a depth of 5 mmag and duration of about 4.25 hours. The planetary transit was followed up with the 1.2m telescope and its KeplerCam detector at FLWO in the Sloan z-band (in Figure 1 the transit light curve is phased with the orbital period of P orb = 5.633472 days and T 0 = 2454387.4937 HJD). The secondary eclipse and phase curve observations of HAT-P-2b were obtained in the 3.6, 4.5, 5.8 and 8.0 µm bands of the Spitzer Space Telescope (Lewis et al. 2013) . The planetary nature of the transiting object was confirmed by RV measurements with the HIRES instrument (Vogt et al. 1994 ) on the W.M. Keck telescope and with the Hamilton echelle spectrograph at the Lick Observatory (Vogt 1987) .
11 FIES is a cross-dispersed high-resolution fibre-fed echelle spectrograph. The currently installed fibers offer spectral resolution of R = 67 000 in high-resolution mode, R = 46 000 in medium-resolution mode and R = 25 000 in low-resolution mode. The entire spectral range 3700-7300 Å is covered without gaps.
12 SOPHIE is a cross-dispersed fiber-fed echelle spectrograph, which can operate in two observation modes: in high-efficiency mode (R = 39 000) to favor high throughput, or in high-resolution mode (R = 75 000) to favor better precision. SOPHIE covers the spectral range 3870-6940 Å. Fig. 1 The phase-folded z-band FLWO light curve of HAT-P-2b, taken from the public archive of the HATNet project, showing the transit event. The observed light curve is overplotted with our best JKTEBOP fit model. Corresponding residuals are also shown (bottom). The model was calculated based on simultaneous fit to the photometric and all RV data (see Section 4.1 and Table 1 ).
HAT-P-2b is an interesting planet, since the high eccentricity at the relatively small orbital distance (a ≃ 0.06878 AU; Pál et al. 2010) , raising the possibility that it migrated through planet-planet scattering or Kozai oscillations accompanied by tidal dissipation. Either of mechanisms can be investigated by exploiting the Rossiter-McLaughin (RM) effect, which is an "anomalous Doppler shift" during the transit (see e.g., Gaudi & Winn 2007) . Planet-planet scattering (see e.g., Chatterjee et al. 2008) or Kozai mechanism (see e.g., Wu, Murray & Ramsahai 2007) can significantly tilt the orbit plane of the planet relative to the equatorial plane of the host star and this feature is well seen on the shape of the RM effect. The spin-orbit misalignment of the HAT-P-2 system was investigated by Winn et al. (2007) and Loeillet et al. (2008) , however, both papers reported an angle consistent with zero. Lewis et al. (2013) reported an evidence for a long term linear trend in the radial velocity data, which suggests the presence of another substellar companion in the HAT-P-2 planetary system. It could have caused migration of HAT-P-2b via Kozai oscillations.
The semi-amplitude of the RV is K = 983(17) m.s −1 (Pál et al. 2010) , therefore it is an easily measurable object for our echelle spectrograph, mounted on the 0.6m telescope (Pribulla et al. 2015) . Together we worked with 39 (20+19) RV measurements (see Table 1 ). The resulting G1 RVs show an averaged scatter of about 170 m.s −1 . First, we fitted only our G1 RV data, simultaneously with the photometric data (Figure 1 ). Initial parameters for the JKTEBOP fitting were taken from published papers by Bakos et al. (2007) , Pál et al. (2010) and Lewis et al. (2013) . These are summarized in Table 4 . The sum of fractional radii ((R s + R p )/a) was calculated from the normalized semi-major axis (a/R s ) and from the ratio of the radii (R p /R s ). The interpolated quadratic LD coefficients for the z-band were 0.186 and 0.302. The fit- ted RV data are shown in Figure 2 -left panel and the best fit parameters are summarized in Table 7 . Subsequently, we fitted GAO and PO RV data, simultaneously with the photometric data. The fitted RV data are shown in Figure 2 middle panel and the best fit parameters are summarized in Table 7 . The averaged RV scatter is about 177 m.s −1 , comparable with our G1 RV scatter. We note, however, that the accuracy of these data is sometimes better than 100 m.s −1 , while in the case of the data from G1 the accuracy is sometimes better than 150 m.s −1 only. The best accuracy in the case of the data from G1 is 135 m.s −1 , while for the data from GAO and PO it is 50 m.s −1 . Finally, we simultaneously fitted photometric and all RV data. The fitted RV data are shown in Figure 2 -right panel and the best fit parameters are summarized in Table 7 .
In Figure 2 we can see that JKTEBOP fit models are similar. Table 7 shows that the parameter values derived from the G1 RV data are, in general, consistent with the Table 4 Physical and orbital parameters of the HAT-P-2 system summarized from papers Bakos et al. (2007) [B07], Pál et al. (2010) [P10] and Lewis et al. (2013) 
WASP-14b
The discovery of the 7.3 M J exoplanet WASP-14b was reported by Joshi et al. (2009) . The planet orbits the host star (V = 9.75 mag, B = 10.19 mag, F5V, v sin i ≃ 4.9 km.s −1 ) with a period of about 2.243 days and orbital eccentricity e ≃ 0.08 (Husnoo et al. 2011; Blecic et al. 2013; Wong et al. 2015) . The orbiting planet causes transits with a depth of 11 mmag and duration of about 2.8 hours. Initial follow-up photometric observations of WASP-14b were carried out in the V and R passband by the robotic 2m Liverpool Telescope (see e.g., Gibson et al. 2008; Steele et al. 2008) , equipped with the high-speed imaging RISE camera. Johnson et al. (2009) Fig. 3 The phase-folded R-band STK light curve of WASP-14b, taken from the GSH archive, showing the transit event. The observed light curve is overplotted with our best JKTEBOP fit model. Corresponding residuals are also shown (bottom). The model was calculated based on simultaneous fit to the photometric and all RV data (see Section 4.2 and Table 2 ).
curves of WASP-14b obtained by the Spitzer Space Telescope in the 3.6 and 4.5 µm bands were presented and analyzed by Wong et al. (2015) . WASP-14b was also a subject of the framework of "Transit Timing Variations @ Young Exoplanet Transit Initiative" (TTV@YETI). 19 light curves of 13 individual transit events were collected during the period of seven years (2007 -2013) . The transit ephemeris was refined, but significant evidence for TTV was not found (Raetz et al. 2015) . For our purposes we adopted three R-band transit light curves of WASP-14b from this study, taken on March 11, 20 and 29, 2011 with the STK camera on the 0.6/0.9m telescope at GSH. The phase-folded light curve, phased with the period of P orb = 2.243752 days and T 0 = 2454463.5758 HJD is shown in Figure 3 . Spectroscopic follow-up observations started with measurements on 2.5m NOT (Joshi et al. 2009 ). A total of six spectra were obtained here with the FIES instrument. A further 21 RV points were obtained using the SOPHIE spectrograph on the 1.93m telescope at OHP. Similarly to HAT-P2b, one of the interesting features of WASP-14b is the high orbital eccentricity at the relatively small orbital distance (a ≃ 0.036 AU; Joshi et al. 2009 ), raising the possibility the planet-planet scattering or Kozai oscillations. Based on the RM effect, Joshi et al. (2009) reported a measurement of the spin-orbit angle -14(21) [deg] , which is too uncertain to draw any conclusions. Subsequently, Johnson et al. (2009) measured the RM effect using the High-Dispersion Spectrometer (see Noguchi et al. 2002) on the Subaru 8.2m telescope during the transit, and presented an evidence that the WASP-14 system has misaligned orbital and stellar rotational axes, with an angle about -33 (7) [deg].
The semi-amplitude of the RV is about K = 991 m.s −1 (Husnoo et al. 2011; Blecic et al. 2013) , which is similar to HAT-P-2. Together we worked with 47 (20+27) RV measurements (see Table 2 ). Our RVs show an averaged scatter of about 220 m.s −1 . First, we fitted only our G1 RV data, simultaneously with the photometric data (Figure 3) . Initial parameters for the JKTEBOP fitting were taken from published papers by Joshi et al. (2009 ), Husnoo et al. (2011 and Wong et al. (2015) . These are summarized in Table 5 . The sum of fractional radii ((R s + R p )/a) was calculated from the orbital semi-major axis a, the stellar radius R s and from the ratio of the radii (R p /R s ). The ratio of the radii was calculated from the transit depth (R p /R s ) 2 . The interpolated quadratic LD coefficients for the R-band were 0.267 and 0.324. The fitted RV data are shown in Figure 4 -left panel and the best fit parameters are summarized in Table 7 . At the next step, we fitted NOT and OHP RV data, simultaneously with the photometric data. The fitted RV data are shown in Figure 4 -middle panel and the best fit parameters are summarized in Table 7 . In this case, the averaged RV scatter is only about 10 m.s −1 . The accuracy of the data from NOT and OHP is sometimes better than 8 m.s −1 (4 m.s −1 is the best accuracy), while in the case of the data from G1 the accuracy is sometimes better than 170 m.s −1 (164 m.s −1 is the best accuracy). Finally, we simultaneously fitted photometric and all RV data. The fitted RV data are shown in Figure 4 -right panel and the best fit parameters are summarized in Table 7 . 
XO-3b
XO-3b is a massive (M p ≃ 13.25M J ; Johns-Krull et al. 2008) transiting planet, orbiting the parent star on an eccentric orbit (e ≃ 0.2769; Wong et al. 2014) . It was discovered by Johns-Krull et al. (2008) . The planet orbits the host star (V = 9.80 mag, B = 10.25 mag, F5V, v sin i ≃ 18.54 km.s −1 ) with a period of about 3.191 days causing transits with a depth of about 10 mmag and duration of about 2.86 hours. Since Johns-Krull et al. (2008) determined the planetary radius parameter R p with a large uncertainty (1.10−2.11 R J ), XO-3b was followed-up by Winn et al. (2008) with the 1.2m telescope and its KeplerCam detector at FLWO in the Sloan z-band, and with the 0.5m telescope, equipped with an SBIG ST-10 XME CCD camera (without filters) at the Wise Observatory (see Brosch et al. 2008) in Israel. Several additional photometric observations were also obtained at different observatories in the I-and V-band. Follow-up photometry obtained by Winn et al. (2008) strongly favor the planetary radius R p ≃ 1.217 R J . Wong et al. (2014) analyzed 12 secondary eclipse observations of XO-3b in the 4.5 µm Spitzer band and determined the upper limit of the periastron precession rate of 2.9 ×10 −3 deg per day. For our purposes we obtained a V-band transit light curve of XO-3b at the Teide Observatory on November 17, 2015 using the 1m OGS telescope. The phase-folded light curve, phased with Table 3 ). the period of P orb = 3.191523 days and T 0 = 2454449.8681 HJD is shown in Figure 5 .
In order to measure the orbital elements and the mass ratio of the system, Johns-Krull et al. (2008) as first obtained spectra of XO-3 at the 2.7m Harlan J. Smith Telescope and on the 11m Hobby-Eberly Telescope. The RV curve of XO-3 system by Johns-Krull et al. (2008) traces out an eccentric orbit with a RV semi-amplitude about 1471 m.s −1 . Since XO-3b is unusual in many respects (high mass, eccentric orbit and short orbital period), raising the possibility of the planet-planet scattering or Kozai oscillations, it was a subject of investigation concerning spin-orbit misalignment. Hébrard et al. (2008) observed the XO-3 sys- (Hébrard et al. 2008) , therefore it is the easiest detectable planet in our sample for our echelle spectrograph, mounted on the 0.6m telescope. On the other hand, XO-3b has a fainter parent star than HAT-P-2b or WASP-14b. Together we worked with 39 (20+19) RV measurements (see Table  3 ). The averaged scatter of G1 RVs is about 260 m.s −1 . First, we fitted only our G1 RV data, simultaneously with the photometric data ( Figure 5 ). Initial parameters for the JKTE-BOP fitting were taken from published papers by Winn et Hébrard et al. 2008 and Wong et al. (2014) . These are summarized in Table 6 . The sum of fractional radii ((R s +R p )/a) was calculated from the normalized semimajor axis (a/R s ) and from the ratio of the radii (R p /R s ). Table 7 . Subsequently, we fitted OHP RV data, simultaneously with the photometric data. The fitted RV data are shown in Figure 6 -middle panel and the best fit parameters are summarized in Table 7 . The averaged RV scatter of OHP data is about 35 m.s −1 . The accuracy is sometimes better than 30 m.s −1 . At G1 RVs in a few cases we achieved accuracy better than 200 m.s −1 . The best accuracy at OHP RVs is 19 m.s −1 , at G1 RVs it is 159 m.s −1 . As the final step, we simultaneously fitted photometric and all RV data. The fitted RV data are shown in Figure 6 -right panel and the best fit parameters are summarized in Table 7 .
As we have seen previously, Figure 6 shows again that the JKTEBOP fit model derived from G1 RV values is similar to the JKTEBOP fit model derived from values adopted from Hébrard et al. (2008) . We can compare e.g., the periastron longitude ω (346 (13) (19); ∼ 5.6σ). The scatter of the RV data points from the fit are also very different: ±500 Table 7 An overview of the best JKTEBOP fit parameters of the HAT-P-2, WASP-14 and XO-3 systems, resulting from the JKTEBOP fit to all the photometric data per object and RV data per object from selected observatories. Fixed parameters are listed without errors. Parameters from papers by Bakos et al. (2007) [B07], Pál et al. (2010) [P10], Lewis et al. (2013) [L13], Joshi et al. (2009) [J09], Husnoo et al. (2011) [H11], Wong et al. (2015) [W15], Winn et al. (2008) [W08], Winn et al. (2009) [W09], Hébrard et al. (2008) [H08], Wong et al. (2014) [W14] and Claret & Bloemen (2011) [C11] are summarized in 2nd column. 
Conclusions
In this paper we described in details the RV analysis of the first three transiting planetary systems, HAT-P-2, WASP-14 and XO-3, observed during the years 2014 -2016 at the Stará Lesná Observatory -G1 with the off-shelf low-cost eShel spectrograph, made by the French company Shelyak, and mounted on a 0.6m telescope. The main scientific goal of the study was to compare the precision of our G1 RV measurements with precision of RV data achieved with echelle spectrographs of other sub-meter-, meter-and twometer-class telescopes. We also investigated the applicability of our RV data for modeling orbital parameters.
The expected RV precision (neglecting instrumental effects such as temperature-and pressure-related deformations or slit effects) can be estimated using formula of Hatzes, Cochran & Endl (2010) :
where SNR is the signal-to-noise ratio of the data, R is the resolving power of the spectrograph, B is the wavelength coverage in Å, v sin i is the projected rotational velocity of the star in km.s −1 and the dimensionless function f = f (sp. type) reflects the line density. The proportionality constant was estimated by Hatzes, Cochran & Endl (2010) as C1 = 2.4 × 10 11 Å 1/2 . For stars with spectral type F the authors give f ∼ 1. If we compare expected precision for the same star obtained with different spectrographs (resolution R) and telescopes (diameter D), assuming the same exposure time, instrument throughtput and atmospheric extinction we have:
The constant C2 ∼ 1.2 × 10 8 m 2 .s −1 was found to match the precision for HAT-P-2 RV data with eShel on our 0.6m telescope. The resulting precision dependence is shown for several spectrographs used to observe HAT-P-2, WASP-14 and XO-3 in Figure 7 . The expected precision is reasonably matching observed uncertainty of other spectrographs. Somewhat higher precision of other spectrographs compared to eShel is caused by much longer exposures (typically three 900-sec exposures were combined) of our data used to determine C2.
Based on our results, we can conclude that the spectrograph is a useful instrument for study of objects with relatively small RV amplitude. We achieved an averaged precision of about 170 m.s −1 in the case of HAT-P-2, 220 m.s −1 in the case of WASP-14 and 260 m.s −1 in the case of XO-3 system. These values are sufficient for exoplanet RV detections and spectroscopic follow-up measurements of massive exoplanets on close-in orbits. The accuracy is well comparable with the averaged RV scatter achieved with other sub-meter- Fig. 7 Expected RV precision as a function of the telescope diameter and the spectrograph resolution. The precision is scaled to match the precision achieved for HAT-P-2 with eShel on the 0.6m telescope at Stará Lesná. The precision curves assume the same exposure time, telescopespectrograph throughput and the same object.
and meter-class telescopes, e.g., 170 versus 177 m.s −1 in the case of HAT-P-2 RV data, obtained at G1, GAO and PO with a 0.6m, 0.5m and 1m telescope, respectively. In comparison with two-meter-class telescopes, our instrumentation gives a RV scatter about one order greater, e.g., 260 versus 35 m.s −1 in the case of XO-3 data, obtained at G1 and OHP with a 0.6m and 1.93m telescope, respectively. This difference is primarily caused by the telescope diameter size, but it also depends on many properties of instrumentation which determine the RV stability (see Pribulla et al. 2015) . From this aspect, the spectrograph thermal stabilization is a key point for the RV accuracy. SOPHIE at OHP is installed in a thermally-controlled and isolated box with a daily thermal stability better than 0.01
• C inside a two-stage thermalised room (Perruchot et al. 2008) . FIES at NOT is also located in a protected building at a stable temperature within 0.02 • C (Telting et al. 2014) . Our spectrograph itself at G1 is located in the cellar below the dome, where is a quasi stable temperature, however, the room is without thermal-control. The RV precision is also limited by the method of spectral calibration. To obtain the best calibration properties we can acquire ThAr spectra just before and after the object spectra recording and we have to use the same current of the hollow-cathode lamp. FIES and SOPHIE, however, offer the option of simultaneous observations of object and reference ThAr spectra. In addition they allow to analyze the sky background or the moonlight contamination simultaneously as well. Moreover, RV accuracy of our data is limited by precision of the dispersion solution, which is 30-50 m.s −1 for our instrumentation and which mainly depends on the spectral resolution (Pribulla et al. 2015) . This is why the further improvement of the RV system of the eShel spectrograph at G1 cannot be achieved by providing more stable environment nor by using a larger telescope.
On the other hand, our best JKTEBOP fit results show that RV data, obtained with our instrumentation, can be used to determine orbital parameters of massive close-in exoplanets. The scatter of the RV data points from the model were in all cases up to ±500 m.s −1 . In general, we can conclude that best fit parameters, resulting from the G1 RV data are in good agreement with published parameters. Literature parameter values are, however, given with better accuracy. Furthermore, in comparison with NOT/OHP RV data, due to the relatively lower RV accuracy of G1 RV data, we can determine system parameters with bigger error interval only. This is also the reason, why parameters derived from NOT/OHP RV data and from combined G1 and NOT/OHP observations are very similar (see Table 7 ). Since data obtained at G1 have lower accuracy, these are low-weighted during the model fitting procedure when we combined G1 and NOT/OHP observations and have minimal influence on parameter determination.
In addition, there is an educational point of view of our echelle spectrograph for students on different level of study. The instrument can be used as a didactic tool in teaching of spectroscopy.
